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HISTOPATHOLOGY OF THE LASER TREATMENT OF PORT-WINE
LESIONS
Biors STUDIES OF TREATED AREAS OBSERVED UP TO ThREE YEARS
AFTER LASER IMPACTS*
HERMAN SOLOMON, M.D., LEON GOLDMAN, M.D., BRUCE HENDERSON,
M.D., DANIEL RICHFIELD, M.D. AND MARILYN FRANZEN
Since 1963, 45 patients with port-wine
marks and two patients with mixed port-wine
and cavernous hemangiomas have been treated
with ruby, neodymium and argon lasers at the
Medical Laser Laboratory at The Children's
Hospital Research Foundation in Cincinnati,
Ohio. The specific details of the laser in-
strumentation, the testing procedures and the
results of therapy of the entire series of 64
patients with various forms of angiomas will
be presented in a clinical paper. This com-
munication concerns the specific details of the
histological and histochemieal changes in the
port-wine lesions following laser treatment.
These microscopic studies show the details of
the laser reactions in tissue and serve to
evaluate the results of this new form of
therapy. Extensive histochemieal studies of
the laser reaction in the skin of the pig have
been reported by Helwig, Wallace, Hayes and
Zeitler (1).
MATERIALS AND METHODS
To study the effects of the laser as regards color
change, persistency of any color change and inten-
sity of scarring, small test areas were done in pa-
tients. Most of the treatments in this report were
done with a pulsed ruby laser (6943 A), normal
mode, 2—3 milliseconds, with energy density of 50—
60 joules/cm' in a target area of 1.76 cm'. The
neodymium laser (10,600 A), also used in this
manner, had approximately the same output. The
argon laser (5880-5145 A) had an output of 1—2
watts with duration of the testing from 0.5 to 1.5
seconds in the test area of 0.125 cm'. The carbon
dioxide laser (106,000 A) was used only in the
animal test systems for angiomas, but not in pa-
tients. The animal test systems included the comb
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and wattle of chickens and red tattoos in rabbits
and miniature pigs.
The clinical types of lesions included in this
study were the £ at port-wine lesions and mixed
port-wine cavernous nodules. Most of the biopsies
were from test site areas. Some biopsies included
the untreated portion of the port-wine area.
Fifteen biopsies were taken from these patients.
Two biopsies were taken before impact; four
immediately after impact; one each at 4 days, 1&
days, 20 days, 6 weeks, 8 weeks, two at 18 months
and two after three years. Three additional
biopsies, because of orientation and trauma, were
unsatisfactory for study.
Any treated area was biopsied only once. Most
biopsies were one by two mm and extended
through the full depth of the corium. If enough
material was available, it was divided. One-half
was fixed in formalin. The remainder was im-
mediately frozen in liquid nitrogen and sectioned
on a cryostat at 5—15 microns. The formalin fixed
sections were blocked in paraffin and sectioned at
5 microns. Gomori's alkaline phosphatase tech-
nique was done on the frozen material. Hema-
toxylin-eosin, periodic acid Schiff, Verhoeff elastic,
trichrome, and aldehyde fuchsin stains were done
on the paraffin sections.
RESULTS
The gross changes observed in these pa-
tients were relatively uniform. Immediately
after impact, a superficial bluish-grey, pow-
dery crust appeared. At times, within one to
four hours, superficial vesiculo-bullous lesions
developed. Within approximately twenty-four
hours, a dark reddish-black crust formed. The
crusts remained approximately two to three
weeks. After the crust was shed, the skin
beneath was reddish-pink and smooth. Over
the next two to three months these areas
gradually lost their erythema and assumed a
white color. At the prcsnt time, some of the
white spots have remained unchanged for
nearly three years. A few, however, have re-
vascularized. Some induration of the treated
area may persist for months.
In general, the microscopic changes of the
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Fie. 1. Port-wine lesion showing intensity and depth of mature vascular lesions. Hema-
toxylin-eosin X 36.
FIG. 2. Port-wine lesion four days after pulsed ruby laser treatment showing epidermal
changes, hemorrhage thrombosis, deep coagulation necrosis including sehaeeous glands.
Hematoxylin-eosin X 36.
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reaction following early impact with the ruby
and neodymium laser were similar to those
previously reported in human skin by Gold-
man and Richfield (2). There was a disrup-
tion of the entire epidermis in the center of
impact. In adjacent areas, coagulation necrosis
of the stratum corneum and upper Malpigh-
ian layer developed. There was intraepi-
dermal vesicle formation which began as
"steam" bubbles immediately in the supra-
basilar cells. This was presumed to have been
caused by vaporization of tissue fluids. The
significant changes were in the upper third of
the corium. Here, there was coagulation of
collagen; the vascular cndothclial cells were
edematous and intravascular red cells were
coagulated or hemolyzed.
The appendages showed resistance to the
laser in that the hair follicles and sweat ducts
were generally spared at the energy and power
densities used in this series. The Yerhocif's
elastic stains showed the elastic fibers to be
shortened and curled. Alkaline phosphatase
stains in these early laser lesions showed no
significant findings other than delineating oc-
casional rupture of the blood vessel wall. As
yet, there are not enough data to determine
whether biopsies after argon laser would show
similar initial changes.
Biopsies were also available during the
crusted stage. In one biopsy, at four days,
coagulation necrosis of the epidermis was still
evident with some persistent vesiculation. A
few areas of cpidcrmal regeneration near ap-
pendages was noted. The vascular changes
showed spotty rupture of the walls with red
cell extravasation and luminal thrombosis.
Perivascular polymorphonuclear infiltrates
were found about some blood vessels which
were partially patent. The collagen bundles
showed some coagulation necrosis. Elastic fi-
hers at this stage appeared in large, thick
strands, and ovoid masses up to 2—3 microns
in greatest thickness. In some sections there
were variable amounts of necrosis of the
schaccous glands with periglandular poly-
morphonuclear infiltrates. The vascular endo-
thelium, stained with alkaline phosphate,
showed no changes.
Biopsies were done at 3—10 weeks. At this
stage, the crusts had fallen off. The epidermis
was normal and, in some areas, moderately
FIG. 3. Port-wine lesioa twenty days after pulsed ruby laser treatment showing nonspecific
cicatrix formation. Hematoxylin-eosin X 72.
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FIG. 4. Port-wine lesion six months after pulsed ruby laser treatment. Cieatrix at site of
zinc oxide tattooing after laser treatment. Ilematoxylin-eosin >< 112.
acanthotic. There was considerable fibroblastic
proliferation in the upper dermis. Small vas-
cular structures appeared far fewer in number
than in pre- and immediately post-impact
biopsies. Many of tbe remaining capillaries
had a compressed appearance or had lumina
that appeared narrowed. Normal vessels were
seen deep below the areas of fibrosis.
Alkaline phosphatase stains again showed no
changes in the endothelium or in the blood
vessel wall. Appendageal structures were nor-
mal. Elastic tissue fibers were absent to
greatly decreased in the upper dermis. There
was no increase in reticulum.
The biopsy series at six months and longer
after impact demonstrated the previously
mentioned fibroblastio proliferation. This ap-
peared to be now a well organized sear of
dense collagen. There are very few vascular
structures in the upper dermis. Some of these
appeared to be marked by compression and to
have essentially no lumina. Elastic fibers were
sparse or absent. Alkaline phosphatase stains
again were normal. One biopsy was obtained of
an indurated area of the cheek eight months
after laser treatment but which was sub-
sequently tattooed with zinc oxide. The area
was excised subsequently and a section sent to
us. The epidermis was normal. The appendages
were present and showed no change. The
collagen fibers were dense. Tattoo pigment
masses were observed in the upper dermis with
little inflammatory reaction around them.
DISCUSSION
The histopathologic changes following laser
impact in port-wine stain are, in brief, those
of non-specific sear formation in the upper
dermis with some loss of the superficial
vascular elements. The depth of collagen change
is significant in that these changes extended
beyond the mid-dermis. This developed either
from direct penetration of the laser or from
changes secondary to the laser impact. There
also appears to be some compression of the
remaining vascular structures. Unlike burn
soars, the appendagoal structures are usually,
but not always, uninvolved. In the brief follow-
up period available for this series, only one
ease has been observed for three years. There
were no changes, grossly or microscopically,
suggesting X-ray radiation. In the time pe-
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Fic. 5. Port-wine lesion 18 months alter pulsed ruby laser impact showing slight epidermal
atrophy with cicatrix and scattered persistent vascular structures. Hematoxylin-eosin X 180.
nod tested, there were no abnormal histio-
cytes, or vascular changes of endarteritis.
We propose two possible explanations for
the appearance of white spots following laser
impact. First, there is a superficial loss of
vascularity with consequent color changes and,
second, there is a change in the optical
qualities of the laser treated area because of
changes in the optical reflectance properties
of the upper dermis caused by the formation
of new dense avascular collagen.
The study of the histological and histo-
chemical changes suggests that efforts be made
to secure more specific laser effects in the
vascular structures themselves. In attempts to
minimize epidermal change and loss of laser
energy through reflectance and absorption by
the epidermis, skin stripping with Scotch
tape has been done prior to laser impacts.
This does not appear to be effective in the
patients so treated.
The argon laser effective in producing
whitening in the angioma test model in the
animal, the comb and wattle of the chicken,
has been used in five patients. Blanching has
been observed with 0.35 to 1.5 watt output. Our
current study with the argon (5880-5145 A) is a
determination of the differences between specific
wavelengths, namely, 4880 A, the blue portion
of the argon beam, and 5145 A, the green
portion. With equivalent power outputs, these
beams have been found in animals and in
tissue cultures to have differential effects on
tissues, especially blood vessels and tissues
stained with vital dyes (3, 4).
CONCLU5IONS
In preliminary histological and histochemi-
cal studies, the whitening effect produced by
the laser in the resistant port-wine lesion was
found to be a nonspecific coagulation necrosis
effect in the collagen and elastic fibers of the
upper dermis followed by the formation of a
eieatrix. There were some superficial vascular
changes also with subsequent decrease in
vascularity. The specific changes observed in
laser treated areas include increased density of
the collagen, and loss of elastic fibers. These
make for compression of remaining superficial
vascular channels in the upper dermis. As
noted previously in other studies of laser im-
pact to the skin, the skin appendages usually,
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but not always, showed minimal changes with repeated exposures to laser beams. Acta
Dermatovener, 44: 264, 1964.the energy and power densities of the various 3. Rounds B. E., Olson, R. S. and Johnson, F. M.:
lasers used in these studies. Wavelength Specificity of Laser Induced
Bielogical Change. Presented at the IEEEREFERENCES Beam Conference, Berkeley, California, May
1. Helwig, Elson B., Jones, Wallace, A., Hayes, 11, 1967.Jud R. and Zeitler, Eelmar H.: Anatomical 4. Brown, T. E. and Rockwell, R. J., Jr., The
and histochemical changes in skin after laser Argon Laser: Its Effects in Vascular and
irradiation. Fed. Proc., Jan—Feb., 1965, Sup- Neural Tissue. Presented at the IEEE Beam
plement No. 14, 5—83. Conference, Berkeley, California, May 11,2. Goldman, L. and Richfield, B.: The effect of 1967.
